. Targeted Disruption of the Murine Jak2 Gene (A) The 5Ј part of the murine Jak2 gene and relevant restriction sites are depicted at the top. The targeting vector was designed to replace part of the first coding exon and part of the following intron by a pMC1neopA cassette. The putative translation start site was deleted, but the 5Ј splice accepter site was kept intact. Location of probes for hybridization and primers for screening PCR of ES cells are indicated. For Southern blot analysis, DNA was digested with HincII. The expected fragment size after hybridization with the flanking probe (probe A) is approximately 2 kb for the wild-type and approximately 4 kb for the targeted allele. After hybridization of the same blot with a neo-probe (probe B), an approximately 4 kb signal is expected. Hc, HincII; X, XbaI; and EI, EcoRI. (B) Screening PCR of targeted ES cell clones. Genomic DNA of ES cells was used in a PCR with primers a and c (see Figure 1A and Experimental Procedures (C) was rehybridized with neo-probe (probe B). One specific integration is detected. (E) Screening PCR after germline transmission of the Jak2 mutation. Genomic DNA from tail clips was used in a PCR with primers a and c. Lane 1, Jak2 ϩ/ϩ control; lanes 2-5, tail DNA from mice 55, 58, 59, and 62; lane 6, Jak2 Ϫ/Ϫ ES cell control. M, marker. (F) Southern blot analysis after germline transmission of the Jak2 mutation. Hybridization with flanking probe (probe A). Lane 1, Jak2 ϩ/ϩ control; lanes 2 and 3, tail DNA from mouse 55 and 58. (G) Rehybridization of blot (F) with neo-probe.
Epo-R, Tpo-R, GM-CSF-R, and IL-3R play an imporwith YS-derived cells undergoing primitive erythropoiesis, whereas intraembryonic precursors give rise to tant role in controlling the differentiation of hematopoietic stem cells (HSCs) (Emerson et al., 1985;  Morrison definitive hematopoiesis after day 12 p.c. (Cumano et al., 1996 (Cumano et al., ). et al., 1995 . Starting at day 7.5 postcoitum (p.c.) of murine ontogeny, hematopoiesis takes place in the yolk
The erythroid lineage has at least two separate classes of progenitor cells: the erythroid burst-forming unit sac (YS) (Moore and Metcalf, 1970) , followed by hematopoiesis in the paraaortic splanchnopleura/aorta-(BFU-E), which is a more primitive progenitor cell, and the more differentiated erythroid colony-forming unit gonads-mesonephros region (P-Sp/AGM) (Godin et al., 1993; Medvinsky et al., 1993; Mü ller et al., 1994) .
(CFU-E) (Gregory and Eaves, 1978) . The earliest morphologically definable precursor cell of the erythroid lineage Only hematopoietic cells derived from the P-Sp/AGM region give rise to definitive hematopoiesis (Cumano et is the proerythroblast, which develops from CFU-E (Metcalf, 1989) . In Epo and Epo-R Ϫ/Ϫ mice, a block in definial., 1996) . After establishment of systemic circulation in the embryo at day 9 p.c., HSCs contributing to definitive tive erythropoiesis was revealed, leading to embryonic lethality at day 13 p.c., caused by a severe anemia (Wu hematopoiesis are simultaneously present in the YS and P-Sp/AGM during preliver stage of hematopoiesis (Yoder et al., 1995) . To elucidate the in vivo function of Jak2, a mouse et al., 1997). Starting on day 10 p.c., cells from both origins colonize the fetal liver (FL) via the blood stream, strain deficient in this kinase was generated by gene
Results

Disruption of the Murine Jak2
Gene A replacement-type targeting vector pJak2 that contains a 1 kb short arm and a 3.8 kb long arm of homolog sequences was constructed. For positive selection, a pMC1neopA-cassette was inserted in antisense, and a HSV-tk-cassette was added for negative selection (see Experimental Procedures). The splice accepter site of the first coding exon was retained, whereas the start codon and the remaining part of the exon were deleted in the targeting vector to ensure that no Jak2 protein was produced from the mutant allele ( Figure 1A ). After electroporation and drug selection, double-resistant colonies of ES cells were picked. Screening PCR was performed using a primer outside of the construct and a primer hybridizing to the neo r -cassette. PCR products were separated on an agarose gel, blotted, and hybridized with the short arm of the construct. Southern blot analysis was performed after HincII digestion and hybridization with an external probe from the 5Ј-flanking region ( Figure 1C , probe A). The expected 4 kb hybridization signal, corresponding to the targeted allele, was The correctly targeted ES cell clones were aggregated ern blots employing anti-Jak2 antibodies. In our hands, the backwith CD1 morulae or injected into C57BL/6 blastocysts.
ground of the Western blots (especially the band of ‫79ف‬ kDa) was
The resulting chimeric mice were backcrossed, and greatly reduced by preclearing the cell homogenates (see Experimental Procedures). Preclear: mixture of rabbit preimmune serum, germline transmission of the mutant allele was verified anti-Jak1, and anti-Jak3 antibodies. Table 1 ). The phenotype observed was identical in mouse lines derived from the two different ES cell no EF cell lines could be grown from Jak2 Ϫ/Ϫ embryos at day 15.5 p.c. The genotype of EF cell lines used clones and the different genetic backgrounds, making it unlikely that embryonic lethality resulted from a sponfor further investigation was determined by Southern blotting ( Figure 2B ). EFs were analyzed for expression taneous mutation in an ES cell line. Thus, it was concluded that Jak2 defines a critical checkpoint during of Jak2 protein ( Figure 2C ). To this end, Jak2 protein was immunoprecipitated from cell homogenates and ontogeny at day 12.5 p.c. (n ϭ 15) (n ϭ 6) (n ϭ 9) (n ϭ 6) detected on Western blots employing anti-Jak2 antibodwere analyzed after Giemsa staining ( Figure 5 ). As expected, cell preparations of Jak2 ϩ/Ϫ animals showed all ies. For negative control, a mutagenized human fibrosarcoma cell (y2A) was used that lacks Jak2 mRNA and stages of erythropoietic differentiation, including numerous FL-derived enucleated erythrocytes and a few YSprotein (Kohlhuber et al., 1997) . The parental cell line 2C4 was used for positive control (Watling et al., 1993) .
derived nucleated erythrocytes ( Figures 5A and 5C ).
Only proerythroblasts and very few nucleated erythroIn 2C4, in Jak2 ϩ/ϩ , and in Jak2 ϩ/Ϫ EF cells, a 130 kDa Jak2 protein could readily be precipitated. In contrast, cytes were identifiable in preparations from Jak2 Ϫ/Ϫ YS and peripheral blood. Enucleated FL-derived erythroin Jak2 Ϫ/Ϫ EFs, no Jak2 protein was detectable. Based on this result, it was concluded that Jak2 was successfully cytes could never be seen ( Figures 5B and 5D ). These results suggest that Jak2 is essential for Epo-R signaling inactivated in the Jak2 Ϫ/Ϫ embryos. and definitive erythropoiesis in FL.
Definitive Erythropoiesis in Jak2
Ϫ/Ϫ Fetal Liver Is Completely Impaired
Analysis of Hematopoietic Cell Populations in Fetal Liver
The most dramatic morphological consequence of the Jak2 inactivation turned out to be a severe anemia (Fig- Hematopoietic cell populations and differentiation stages can be distinguished by expression of characteristic ure 3). Due to the low number of circulating hemoglobinized cells, the embryos appeared pale. Additionally, markers such as CD34, CD44, c-kit, and Ter-119 (Ikuta et al., 1990; Krause et al., 1994; Sanchez et al., 1996 ; the liver size of mutant embryos was dramatically reduced compared to that of normal littermates. The num- Aguila et al., 1997) . Flow cytometry was performed to verify the expression of these cell surface markers. Sinber of nucleated cells was reduced more than 10-fold in the FL of Jak2 Ϫ/Ϫ animals compared to that in the FL gle-cell suspensions of FL cells isolated from wild-type, Jak2 Ϫ/Ϫ , or Epo-R Ϫ/Ϫ embryos at day 12.5 p.c. were used. of littermates ( Table 2 ). The typical red color of the FL was not visible in Jak2 Ϫ/Ϫ embryos ( Figure 3F ). No signifiAt this stage of embryonic development, CD34 low and CD34 neg cells can be detected in FLs (Yoder et al., 1997 Figures 4H and 4I ). All data provide evidence that definitive erythropoiesis is defective in Jak2 Ϫ/Ϫ animals. However, the population tissue sections from wild-type embryos contained many YS-derived primitive erythrocytes, whereas very few harboring the long-term reconstituting HSCs, coexpressing CD34 and c-kit, is present in Jak2 Ϫ/Ϫ mice. ones were visible in the FL of both mutant embryos. Furthermore, wild-type animals contained FL-derived enucleated erythrocytes originating from definitive erythBlocked Hemoglobinization of Erythroid Cells in Jak2 Ϫ/Ϫ Embryos ropoiesis. In contrast, in Jak2 and Epo-R mutant embryos, enucleated erythrocytes could never be discovTo determine at which stage during erythropoiesis Jak2 plays a crucial role, in vitro colony assays of erythroid ered. Thus, it appears that in the absence of Jak2, definitive erythropoiesis is blocked.
progenitors were performed (Cumano et al., 1996) . FL cells from wild-type, Jak2 Ϫ/Ϫ , and Epo-R Ϫ/Ϫ animals were To confirm these results, cytospin preparations of peripheral blood and YS of normal and mutant embryos incubated in methylcellulose supplemented with IL-3, SCF, GM-CSF, and Epo. After incubation, BFU-Es and erythropoiesis. Interestingly, B lymphopoiesis appears intact in the absence of Jak2 (Table 3) . CFU-Es were counted (Tables 3 and 4 ). In Jak2 Ϫ/Ϫ FL cell cultures, the number of BFU-E and CFU-E colonies was below the detection limit of the assay. In contrast IFN-R and LIF-R Signaling in the Absence of Jak2 Jak2 is constitutively associated with the IFN␥-R ␤ chain to Jak2
Ϫ/Ϫ FL cell cultures, colonies were readily detected in Epo-R Ϫ/Ϫ FL cell cultures. However, their num- (Kotenko et al., 1995; Bach et al., 1996) . Conflicting data about the association of Jak2 with gp130 was reported ber was about 10-fold reduced compared to that of FL cell cultures of wild-type embryos. Part of the FL cells (Narazaki et al., 1994; Stahl et al., 1994; Guschin et al., 1995) . To address the functional role of Jak2, EFs were was incubated in a liquid culture with S17 stromal cells, IL-3, SCF, GM-CSF, and Epo for 5 days. Then, benzidine stimulated with IFN␣ or IFN␥, and, subsequently, IFN␣-responsive (IRF-1) as well as IFN␥-responsive genes staining was performed, and hemoglobin-containing cells were scored. In Jak2 Ϫ/Ϫ FL cell cultures, almost no (IRF-1, GBP-2) were monitored. For LIF signaling via gp130, homozygously targeted Jak2 Ϫ/Ϫ ES cells were benzidine-positive cells were detected. In Epo-R Ϫ/Ϫ FL cell cultures, about 23% of the cells were benzidine used (see Experimental Procedures). As indicated by Northern blot analysis, up-regulation of IRF-1 could be positive, which was less than half of the amount of wildtype controls. These data suggest that erythropoiesis readily verified in Jak2 ϩ/Ϫ as well as in Jak2 Ϫ/Ϫ EFs after IFN␣ stimulation ( Figure 7B ). In marked contrast, IFN␥ is more severely blocked in Jak2 Ϫ/Ϫ mice than in Epo-R Ϫ/Ϫ mice and indicate that Jak2 is indispensible for definitive stimulation did not result in induction of IRF-1 or GBP-2 in Jak2 Ϫ/Ϫ EFs, whereas in control cell lines, IRF-1 and al., 1995; . To detect the biological role of Jak2, a gene-targeted mouse strain was estab-GBP-2 were readily transcribed ( Figure 7A ). These results indicate that signaling via type II IFN-R, but not lished. Jak2 Ϫ/Ϫ mice reveal that Jak2 plays an important role in definitive erythropoiesis. Definitive erythropoievia type I IFN-R, is essentially dependent on Jak2.
To examine the involvement of Jak2 in signaling via sis is disrupted at the differentiation to the acidophilic erythroblast. Embryos die between day 12 and day LIF-R, Jak2 ϩ/ϩ and Jak2 Ϫ/Ϫ ES cells were grown for 4 days without an EF cell layer and in the absence of 13 p.c. probably due to severe anemia. This phenotype of Jak2 Ϫ/Ϫ mice appears to be comparable to Epo LIF. Then, LIF-containing medium was added, and upregulation of IRF-1 was analyzed. Induction of IRF-1 and Epo-R Ϫ/Ϫ animals. However, clear differences were found: Jak2 Ϫ/Ϫ embryos contained fewer circulating mRNA could readily be detected in Jak2 ϩ/ϩ and in Jak2 Ϫ/Ϫ ES cells ( Figure 7C ), indicating that Jak2 is not primitive erythrocytes, and almost no benzidine-positive erythroid colonies were detectable in BFU-E and CFU-E involved in the LIF-R/gp130 signal cascade. Further evidence along this line is provided by the observation that assays. This indicates that the defect in Jak2 Ϫ/Ϫ embryos is more severe than that in Epo-R Ϫ/Ϫ embryos, Jak2 Ϫ/Ϫ ES cells do not differentiate in LIF-containing medium after long-term culture (data not shown).
leading to the conclusion that Epo-R signaling is not the only deficiency in Jak2 Ϫ/Ϫ mice. Besides the Epo-R, Jak2 is associated with the IL-3-R, GM-CSF-R, and Tpo-R. cell types (Gurney et al., 1994) . In stem cell assays, Tpo, that Epo, IL-3, GM-CSF, and SCF are at least partially redundant due to their capacity of Jak2 activation. especially in combination with SCF and/or IL-3, acts synergistically on the propagation of multiple types of
The defects of Jak2 Ϫ/Ϫ embryos are also distinct from other mouse mutations affecting hematopoiesis. GATAhematopoietic colonies, including multilineage colonies from a highly purified population of hematopoietic pro-2 Ϫ/Ϫ embryos die at E10-E11 with severe anemia due to an impairment of both primitive and definitive erythrogenitors (Kobayashi et al., 1996; Ku et al., 1996; Yoshida et al., 1997) . The lack of BFU-E and CFU-E colonies in poiesis (Tsai et al., 1994) . At this point of embryonic development, Jak2 Ϫ/Ϫ embryos are vital but anemic. Jak2 Ϫ/Ϫ FL cell cultures and the presence of BFU-E and CFU-E colonies in Epo-R Ϫ/Ϫ FL cell cultures indicate that Mice deficient in c-myb and the retinoblastoma gene (Rb
) die at E15-16 exhibiting anemia (Mucenski et al., the lack of Epo-R signaling at this stage of erythropoiesis might, at least partially, be overcome by IL-3-R and GM-1991; Clarke et al., 1992) . Mice with a c-myb deficiency appear normal at day 13 of gestation, suggesting that CSF-R signaling via Jak2.
Mice lacking SCF (Sl mutant) or its receptor c-kit (W c-myb is not essential for early development. The erythropoietic defect seen in Rb Ϫ/Ϫ mice seems to be partly mutant) exhibit a significant reduction of CFU-E in the FL (Nocka et al., 1989) . Conflicting evidence is provided due to abnormalities in the hemopoietic microenvironment of FLs where hepatocytes undergo apoptosis. on Jak2 involvement in c-kit signaling Weiler et al., 1996; Deberry et al., 1997) . Thus, at the Gp130 Ϫ/Ϫ mice die between day 12.5 p.c. and day 20 p.c., and some of the mutant embryos show a severe current stage of investigation, it might be suggested that the severe defect in Jak2 Ϫ/Ϫ erythropoiesis is addianemia (Yoshida et al., 1996) . Gp130 Ϫ/Ϫ embryos show a hypoplastic ventricular myocardium. In Jak2 Ϫ/Ϫ animals, tionally caused by a lack of SCF signaling. Taken together, at this early stage of hematopoiesis it appears the heart is enlarged. This heart alteration might be a 
Number of colonies per FL. 
2.3 ϫ 10 4 Ͻ200 3.1 ϫ 10 4 2.1 ϫ 10 3 a 1:10 (ko animals) or 1:50 (wild-type animals) of the FL was used for 2 ml of methylcellulose mixture with (2 ng/ml) rIL-3, rSCF, rGM-CSF, and human rEpo (4 U/ml). The numbers reflect independent counts done on the 2 ml plated in 35 mm dishes with 1 ml each of the original mixture. The choice of amount of cells was based on the fact that ko mice had about 10ϫ fewer cells than controls. SCF and IL-3 were obtained from the supernatant of cells transfected with the cDNA encoding the respective genes. They were titrated on the capacity to grow FL cells and generate mast cells efficiently. b FL cells were plated in liquid culture with S17 stromal cells, rIL-3, rEpo, rSCF, and rGM-CSF at the same concentrations. On day 5 of culture, benzidine staining was performed, and hemoglobin-containing cells were counted. Numbers indicate percentages of benzidine-positive cells per total number of cells.
secondary effect due to hypoxemia. This finding, toexpected, that IFN␥-R signals were disrupted, whereas signaling via type I IFN-R, which uses Jak1 and tyk2, gether with the induction of IRF-1 by LIF in homozygously targeted ES cells, further suggests that gp130/ remained intact. It might be speculated that RAG/Jak2 chimeras generated from homozygous Jak2 Ϫ/Ϫ ES cells LIFR␤ signaling is not mediated via Jak2.
PU.1 Ϫ/Ϫ embryos die at a late gestational stage (E16-might have defective Th1 responses due to the absence of IFN␥-R as well as IL-12-R signaling (Briscoe et al., 18) , and anemia starts at E14.5 with variable severity (Scott et al., 1994) . AML1 Ϫ/Ϫ embryos reveal intact he-1996; Chen, 1996) . The results observed with Jak2 Ϫ/Ϫ ES cells clarifies matopoiesis in the primitive YS but are completely deficient in FL hematopoiesis. The AML1 Ϫ/Ϫ embryos die the involvement of Jak2 in LIF-R␤/gp130 signaling. Long-term culture of Jak2 Ϫ/Ϫ ES cells did not lead to around day 12.5 p.c. from multiple bleeding probably due to an absence of circulating platelets (Okuda et al., differentiation, and LIF stimulation readily triggered upregulation of IRF-1, indicating that the LIF-R␤/gp130 1996).
According to recently established models (Cumano signaling complex is not dependent on Jak2. In summary, the defects in Jak2 Ϫ/Ϫ mice are more et Sanchez et al., 1996; Yoder et al., 1997) , multipotent HSC, which are able for long-term reconstiprofound than these in Epo-R Ϫ/Ϫ mice (Wu et al., 1995) and only partially overlapping with defects encountered tution (LTR) of conditioned newborn recipients, arise in the YS and P-Sp/AGM region. Reconstitution potential in Jak1 Ϫ/Ϫ mice (Rodig et al., 1998 [this issue of Cell] ). Jak2 functions are crucial in control for erythroid/myof multilineage progenitors in conditioned adult recipients is first found in the AGM at day 10 p.c., then followed eloid lineage differentiation but appear not to be essential for the lymphoid lineage, as in vitro differentiation on day 11 p.c. by FL and YS (Mü ller et al., 1994) . Reconstitution experiments showed that LTR-HSCs in the of B lymphocytes (this study) as well as lymphoid reconstitution of Jak3 Ϫ/Ϫ mice with Jak2 Ϫ/Ϫ FL cells (Parganas AGM and FL are neg population et al., 1998 [this issue of Cell] ) is possible. The Jak2 absence defines a genetic checkpoint at the transition (Krause et al., 1994; Sanchez et al., 1996; Aguila et al., 1997) . Interestingly, c-kit
low LTR-HSC cells are from primitive to definitve erythropoiesis. Additional studies with conditional inactivation of Jak2 are required to still present in Jak2 Ϫ/Ϫ mice, and precursors for B lymphocytes could be differentiated under suitable culture bypass the embryonic lethality and to define the role of this important kinase in an adult organism. conditions, indicating that the lymphocytic lineage, in contrast to the differentiation of erythroid/myeloid lineage, is not dependent on Jak2. At day 12.5 p.c., almost Experimental Procedures all c-kit neg cells express the erythroid Ter-119 marker (Ikuta et al., 1990 into the EcoRV site of pJak2-X4neopA, yielding pJak2-X4neopAE1.
Experiments addressing the signaling capacity of cyFinally, a 2.7 kb herpes simplex virus thymidine kinase (HSV-tk) cassette (XhoI-SalI-SspI digest/pGEM7[TK]) was inserted into the tokine receptors in the absence of Jak2 revealed, as
Homozygous Mutant ES Cell Lines
To generate homozygous mutant ES cell lines, Jak2 ϩ/Ϫ ES cells were incubated in the presence of 1.6 mg/ml G418 (Mortensen et al., 1992) . Surviving colonies were assayed for loss of the wild-type allele, and Jak2 Ϫ/Ϫ ES cells were subcloned.
Cell Culture ES cells were grown in DMEM medium (GIBCO-BRL) supplemented with L-glutamin (2 mM, Seromed), leukemia inhibitory factor, Pen/ Strep (100 g/ml, Seromed), 2-ME (0.05 mM, GIBCO-BRL), and FCS (15%, GIBCO-BRL).
Mouse EF cells were prepared from individual 11-to 13-dayold embryos as described (Wurst and Joyner, 1993) . EF cells were cultivated in DMEM medium as above, except 5% FCS was used.
RNA Isolation and Northern Blot Analysis
Mouse EF cells were stimulated with murine rIFN␥ (10 ng/ml, Genzyme) or murine rIFN␣ (1000 IRU/ml, BIOSOURCE) for 19 or 6 hr, respectively. Mouse ES cells were deprived of LIF for 4 days and then stimulated with LIF for 1 hr. Cells were lysed in 2 ml lysis buffer consisting of 4 M guanidinium isothiocyanate (Merck), 0,5% (w/v) N-lauryl-sarcosine (Serva), 15 mM Na-citrate (pH 7.0), and 100 mM 2-ME (Sigma). Total RNA was prepared as described (Chomczynski and Sacchi, 1987) . Twenty micrograms total RNA was fractionated on formaldehyde agarose gels, blotted onto GeneScreen Plus membrane (Biotechnology Systems), and hybridized with fluorescein-or 32 P-labeled cDNA probes (Amersham). The following partial murine cDNA probes were used: interferon regulatory factor-1 (IRF-1, 550 bp) and guanylate binding protein-2 (GBP-2, 800 bp) (Fü tterer et al., unpublished data). Methylene blue staining or hybridization with murine GAPDH cDNA (1150 bp) was performed as loading control.
Histological Analysis of Embryos
Embryos were dissected and genotyped. For histology, the embryos were fixed in 10% buffered formalin for 24-48 hr and embedded in paraffine. Sections (5 m) were stained with hematoxylin and eo- (Cumano et al., 1996) . For analysis of erythroid shows the methylene blue-stained 18S rRNA band as a loading differentiation stages, FL cells were grown in methylcellulose concontrol.
taining a mixture of rIL-3, rSCF, rGM-CSF (2 ng/ml), and human (B) Northern blot of EF cells after treatment with medium alone (Ϫ), rEpo (4 U/ml). Suspension cells were transferred to glass slides by with 1000 U/ml IFN␣ for 6 hr (␣), or with 10 ng/ml IFN␥ for 19 hr (␥ Cells were cultured on S17 stromal cells with medium supplemented (C) Northern blot of ES cells after treatment with LIF. ES cells were with rIL-7 and rSCF. Cells were counted by microscopical scoring deprived of LIF for 4 days and then incubated with LIF for 1 hr. (Cumano et al., 1993 1 ϫ 10 7 cells were lysed in a lysis buffer containing 0.5% NP-40 (ICN Biomedicals), 50 mM Tris/Cl (pH 8.0) (Sigma), 10% glycerol (Sigma), 0,1 mM EDTA, 200 mM NaCl (Sigma), 0,1 mM Na 3VO4 SalI site of pJak2-X4neopAE1 generating the pJak2 targeting vector.
(Sigma), 1 mM DTT (Sigma), 0,4 mM PMSF, 3 g/ml aprotinin, 2 g/ The NotI-linearized pJak2 was electroporated into E14.1 ES cells ml pepstatin, 1 g/ml leupeptin, and 2 g/ml bestatin (all Boeh-(129/Sv/J), and transfected cells were cultivated in the presence of ringer). The lysates were precleared with protein A-Sepharose G418 (0.2 mg/ml) and gancyclovir (2 M) as described (Wurst and (Sigma) and a mixture of rabbit preimmune serum, rabbit anti-mouse Joyner, 1993) . Double resistant cells were screened for homologous Jak1 (Wilks et al., 1991) , and rabbit anti-mouse Jak3 polyclonal sera recombination. For PCR screening, the following primers were used:
(Upstate Biotechnology). After preclearing, lysates were precipi-KO1 (5Ј-GCCATGCCCAAGTTGTAACTC-3Ј) annealing upstream of tated with a rabbit anti-mouse Jak2 polyclonal serum (specific for the targeting construct and neo1500 (5Ј-TCGCCTTCTATCGCCTTC aa 758-776, Upstate Biotechnology) and loaded on an 8% SDS TTG-3Ј) annealing in the neomycin resistance cassette. As flanking polyacrylamide gel. The gel was semi-dry blotted on nitrocellulose probe (probe A) a 1 kb EcoRI fragment was used. The neo-probe was (Protran BA 85, Schleicher and Schuell/BIORAD, Trans-Blot SD). from pMC1neopolyA. Two ES cell clones containing the correctly Western detection was performed with a rabbit anti-mouse JH2-targeted Jak2 allele were both aggregated with CD1 morulae or Jak2 polyclonal serum (A. Ziemiecki, unpublished data) followed by injected into C57BL/6 blastocysts. Chimeric mice were backcrossed incubation with mouse anti-rabbit AP-coupled antibody and detecto CD1 or C57BL/6 mice, and germline transmission of the mutant allele was confirmed by PCR and Southern blot analysis.
tion by ECL kit (Amersham).
